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ABSTRACT 


A  survey  was  carried  out  to  suggest  materials  or  processes  which  can  improve  chem¬ 
ical  warfare  agent  (CWA)  resistance  while  maintaining  physical  properties  for  a  facepiece 
application.  Adhesive  bonding  to  silicone,  coating/surface  modification  of  silicone, 
coprocessing  with  silicone,  alternative  designs,  and  alternative  materials  were  reviewed. 
With  only  limited  CWA  resistance  information  available,  and  alternative  design  using  cur¬ 
rently  available  materials  appears  to  be  the  best  selection  to  meet  the  facepiece  criteria. 
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INTRODUCTION 


The  criteria  for  a  good  facepiece  material  are:  good  chemical  warfare  agent  (CWA)  resistance, 
"wearability,"  and  good  aging/storage  behavior.  These  facepiece  criteria  depend  on  both  the  inher¬ 
ent  material  properties  and  how  the  design  incorporates  these  materials.  The  CWA  resistance  and 
aging/storage  behavior  are  essentially  material  properties,  whereas  wearability  is  more  subjective. 

This  equates  to  a  material  which  is  easily  removed  from  storage  and  comfortably  put  on,  worn,  and 
removed  over  the  temperature  range  to  be  encountered  (-25°F  to  120°F).  Much  of  this  would 
depend  on  design,  as  well  as  the  materials  used.  Wearability  implies  the  use  of  an  elastomeric 
material  in  order  to  conform  to  the  head/face  to  isolate  the  soldier  from  the  field  environment. 

CWA  resistance  was  considered  the  most  important  factor  in  material  selection.  HD  and 
GD  resistance  were  recently  reported  for  a  broad  range  of  elastomers.1  While  these  data  rep¬ 
resent  the  behavior  of  specific  formulations,  they  were  generally  used  to  initially  screen  poly¬ 
mer  types  for  resistance  behavior.  Butyl,  chlorobutyl,  and  fluoroclastomers  all  showed 
excellent  resistance  while  silicone  and  fluorosiliconc  showed  extremely  poor  resistance. 

Tensile  strength,  elongation,  tear  strength,  hardness,  and  other  physical  properties  are  con¬ 
sidered  as  a  combination  of  quantitative  properties  which  define  wearability.  The  engineering 
specifications  in  Table  1*  reflect  these  expected  requirements  for  the  facepiece  material.  Sili¬ 
cone,  fluorosiliconc,  natural  rubber,  and  neoprene  elastomers  all  maintain  the  low  temperature 
flexibility  properties  considered  essential  to  wearability.  However,  the  natural  rubber  and  neo¬ 
prene  typically  contain  additives  which  make  them  unacceptable  for  skin  contact.  The  elasto¬ 
mers  with  good  CWA  resistance  are  considered  too  "stiff'  for  good  wearability. 

Table  1.  ENGINEERING  SPECIFICATIONS  FOR  THE  FACEPIECE  MATERIAL 


1 .  Physical  and  Mechanical  Properties 

Properties  (RT) 

Units 

Minimum 

Maximum 

Test  Method 

Tensile  Strength 

psi 

1400 

4200 

ASTM  D  412 

Elongation 

Percent 

400 

900 

ASTM  D  412 

Tear  Strength  (Die  C) 

Ib/inch 

200 

-- 

ASTM  D  624 

Hardness 

Shore  A 

40 

60 

ASTM  D  2240 

Resilience,  Bashore 

0  to  100 

60 

— 

ASTM  D  2632 

Bend  Recovery 
(-25°F) 

Degrees 

40 

— 

MTL  Method 

Blocking 

8  (sticking) 

10  (mottling) 

ASTM  D  3003 
(Modified) 

Tension  Set 

Percent 

ASTM  D  412 

Compression  Set 

Percent 

-- 

15 

ASTM  D  395 

Ozone  Resistance 

80 

— 

EA  Dir 

618-78 

2. 

Coating  Properties  (if  applicable) 

Adhesion 

lb/2  inches 
width 

4 

-- 

ASTM  D  751 

Abrasion 

mg/rev 

Pass* 

ASTM  D  3389 
Method  B 

•No  evidence  of  substrate 
tCS-lOF  wheel,  500  g  load,  500  cycles 


•CiROVh,  C.  Memorandum  for  Record 

I  SIXrl  .RS.  D  P.,  and  SPAITOKI),  R,  It  Immersion  ami  Permeation  Icstmi;  of  (  lumu  ijl  hyni  I'olvmcrs  Soulhem  Research  Institute 
Contract  DAA646  82-C 0079,  I  anal  Report.  MU.  IK  87  M>.  IW7 
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Polymers  containing  unsaturation  in  their  molecular  structure  are  subject  to  poor 
aging/storage  characteristics.  The  additives  associated  with  natural  rubber  and  neoprene  are 
typically  antiozonants  and  antioxidants  necessary  for  maintaining  long  term  physical  properties. 
Without  these  additives  long  term  aging/storage  behavior  is  poor.  Silicone,  fluorosilicone, 
butyl,  chlorobutyl,  fluoroelastomers,  and  ethylene/propylene  elastomers  all  show  good 
aging/storage  behavior. 

No  one  type  of  polymer  thus  appears  able  to  fulfill  all  the  criteria  for  facepiece  material. 
Guidelines  that  this  material  must  be  implemented  into  6.3  by  FY1994  would  seem  to  pre¬ 
clude  the  development  of  new  materials  of  the  possible  use  of  experimental  materials.  A 
good  facepiece  material  must  come  from  a  combination  of  available  materials  in  a  useful 
design.  The  main  purpose  of  this  survey  is  to  suggest  materials  or  processes  which  can 
improve  CWA  resistance  while  maintaining  physical  properties.  The  approaches  listed  here 
are  primarily  aimed  at  incorporating  the  silicone  polymers,  for  their  good  mechanical  proper¬ 
ties,  in  a  way  in  which  the  poor  CWA  performance  is  not  a  factor.  Adhesive  bonding  to  sili¬ 
cone,  coating/surface  modification  of  silicone,  coprocessing  with  silicone,  alternative  designs,  and 
alternative  materials  were  reviewed  and  are  summarized  below. 

ADHESIVE  BONDING  TO  SILICONE 

Improvement  in  CWA  resistance  may  be  achieved  by  adhesive  bonding  a  resistant  material 
to  silicone.  Due  to  their  excellent  CWA  resistance,  butyl  rubber  and  fluoroelastomers  are 
two  of  the  most  promising  materials  for  lamination  onto  polymers  based  on  dimethyl  siluxane 
(silicone)  to  form  the  final  facepiece  material.  Based  on  the  Adhesive  Bonding  Data  Base 
(ABDB),  which  is  part  of  PLASTEC  at  Picatinny  Arsenal,  a  number  of  adhesive  bonding  hand¬ 
books  and  monographs,2  9  and  discussions  with  adhesive  bonding  experts,2 3 4 5 * * * 9 10'11  the  bonding  of  each 
of  these  materials  onto  silicone  rubber  were  considered. 

Although  the  ABDB  contains  no  specific  entry  for  the  bonding  of  butyl  rubber  it)  silicone 
rubber,  it  does  indicate  that  silicone  based  adhesives  are  useful  for  bonding  each  of  the  mate¬ 
rials.  It  is  reasonable,  therefore,  to  evaluate  this  class  of  adhesives  along  with  appropriate  sur 
face  preparation(s)  for  each  of  the  adherends  for  the  fabrication  of  such  a  laminate.  The 
ABDB  provides  no  guidance  as  to  adhesives  for  bonding  to  fluoroelastomers.  The  literature, 
however,  suggests  that  either  epoxy  or  polyurethane  based  adhesives  are  useful  for  bonding  to 
"properly  treated"  fluoroplastic  surfaces.  Because  of  the  need  for  a  highly  flexible  adhesive 
for  this  application,  emphasis  should  be  placed  on  the  evaluation  of  polyurethane  adhesives. 

Proper  surface  preparation  is  the  key  step  in  the  production  of  strong  durable  bonds. 
Surface  preparations  for  butyl  rubber  run  the  gamut  from  simple  surface  cleaning  and  roughen 
ing  to  cyclization  in  strong  acid  to  plasma  treatment  in  air.  This  latter  treatment  is  also  effec¬ 
tive  for  silicone  rubber  so  that,  in  terms  of  process  simplification,  this  one  treatment  should 


2.  KINLOCII,  A.  J.  Adhesion  and  Adhesives:  Science  and  Technology,  Chapman  and  I  tall,  tendon.  1987 

3.  LEE,  L.  II  ed  Adhesive  Chemistry:  Developments  and  Trends.  Pienum,  New  York.  1984. 

4.  SKEIST,  I.  M.  ed  Handbook  of  Adhesives.  Van  Noslrand  Rcinhold,  New  York,  1977 

5.  [.AND ROCK,  A  H.  Adhesives  Technology  Handbook  Noyes  Publications,  Park  Ridge,  NJ,  1985 

6  FLICK,  E.  W.  Handbook  of  Adhesive  Raw  Materials  Noyes  Publications,  Park  Ridge.  NJ,  1982. 

7  GUTCIIO,  M.  ed.  Adhesives  Technology:  Developments  Since  19 79.  Noyes  Data  Corp.,  Park  Ridge.  NJ.  1983. 

8  Military  Standardization  Handbook  691 B:  Adhesive  Bonding.  12  March  1987 

9.  WEGMAN.  R.  F.  Surface  Preparation  Techniques  for  Adhesive  Bonding,  Noyes  Publications,  Park  Ridge,  NJ,  198*). 

10  PRANF.,  J.  W.  Consultant. 

11.  RODNAR,  M.  J.  Chief,  Adhesive  Section,  Picatinny  Arsenal,  NJ. 
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be  evaluated  for  both  of  these  adherends.  If  economics  is  the  driver,  separate,  less  complex 
.  treatments  such  as  solvent  wiping  and  surface  roughening  should  be  considered  as  well.  The 
surface  treatment  of  fluoroelastomers  includes  the  so-called  sodium  etch  which  is  widely  used 
for  fluorinated  polymers  such  as  PTFE,  as  well  as  the  more  straightforward  solvent  wiping 
and  surface  roughening. 

A  brief  perusal  of  the  literature  provides  no  examples  of  the  use  of  coupling  agents  for 
the  enhancement  of  bonds  to  any  of  the  substrates  under  consideration  here.  However,  prim¬ 
ers  are  discussed  both  for  silicone  rubber  and  for  butyl  rubber  though  not  for  fluorinated  poly¬ 
mers.  The  primers  are  typically  thin  films  or  dilute  solutions  of  the  primary  adhesive.  As 
discussed  above,  a  silicone  adhesive  may  provide  an  effective  primer  for  both  butyl  and  sili¬ 
cone  rubber.  This  should  certainly  be  investigated.  Alternatively,  different  appropriate  adhe¬ 
sives  for  each  substrate  should  be  evaluated  as  primers  with  cither  then  serving  as  the 
primary  adhesive.  The  simplicity  of  using  the  same  primer  for  both  surfaces  certainly  is  a 
major  argument  for  the  use  of  the  silicone  resin  adhesive  in  this  role.  It  should  be  noted 
that  the  use  of  a  primer  is  not  required.  Because  it  adds  to  the  complexity  of  the  overall 
bonding  process,  a  primer  should  be  used  only  if  it  confers  an  essential  improvement  in  the 
bond. 

The  sort  of  bonding  process  envisioned  for  the  production  of  laminated  materials  of  the 
sort  under  consideration  here  need  not  be  complex.  It  is  essential,  however,  that  a  great 
deal  of  attention  be  paid  to  details.  The  area  in  which  the  bonding  operation  is  performed 
should  be  kept  as  clean  as  possible.  The  temperature  and  humidity  should  be  carefully  con¬ 
trolled.  Especially  harmful  contaminants,  such  as  release  agents,  oils,  dust,  etc.,  should  be  rig¬ 
orously  excluded  from  the  area.  (Ideally,  a  clean  room  should  be  utilized.)  The  process 
itself  should  be  kept  absolutely  uniform,  with  no  day-to-day  variation  in  procedure,  such  as  dry¬ 
ing  time  for  primer  or  cute  time  and/or  temperature  for  bonding.  Very  tight  quality  control 
should  be  maintained  on  both  the  adhesives  and  adherends. 

U  is  recognized  that  the  sophisticated  approach  detailed  above  is  expensive.  This  same 
approach  is  taken  in  the  production  of  adhesive  bonds  in  aerospace  structures.  In  loosening 
the  limits  in  some  of  these  areas,  it  should  be  experimentally  verified  that  neither  the  short 
term  strength  nor  long  term  durability  will  be  compromised. 

Quality  control  or  quality  assurance  encompasses  a  number  of  issues.  As  indicated  above, 
the  adherence  to  bonding  procedures  is  a  necessary  condition  for  acceptable  bonds;  however, 
it  is  not  sufficient.  It  is  critically  important  that  batch-to-batch  variation  in  the  adhesive  be 
prevented.  Such  variation  can  effect  strength  and,  more  insidiously,  durability,  since  the 
altered  formulation  may  have  different  aging  characteristics.  Equally  important  is  the  preven¬ 
tion  of  variation  in  the  adherends.  Changes  in  formulation  may  affect  their  bondability. 

Clearly,  a  change  in  the  nature  of  the  base  material  could  alter  bondability,  but  so  could  a 
change  in  the  kind  or  even  the  amount  of  an  additive.  This  requires  very  tight  specifications 
on  the  adherends,  as  well  as  the  adhesives.  These  should  be  material  specifications  and  not 
performance  specifications.  Without  this  level  of  control  over  composition,  bond  quality  can¬ 
not  be  assured. 

Bond  qualification  refers  to  the  process  of  assuring  that  the  bonded  structure  will  perform 
as  required,  both  initially  and  over  time.  It  is  crucial  that  testing  which  adequately  reflects 
the  end  use  environment,  as  well  as  application,  be  applied.  Worst  case  scenarios  should  be 
considered,  if  only  to  help  define  the  limits  to  which  the  bonds  can  be  subjected.  Contrary 
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to  expectation,  exposure  to  CWA  liquids  should  not  have  rr  ich  of  an  adverse  effect  on  the 
bonds  considered  here.  If  well  designed,  they  will  have  only  minimum  exposure  to  these 
liquids  at  their  edges.  By  virtue  of  its  essential  function,  diffusion  to  the  bondlinc  through 
the  outer  layer  of  the  laminate  should  not  be  an  issue. 

The  concept  of  multiple  strippable  layers  does  not  appear  feasible  for  the  facepiece. 
This  concept  calls  for  incorporating  inherently  weak  adhesive  layers  within  the  facepiece 
and/or  barrier  materials  which  can  be  easily  torn.  It  is  difficult  enough  to  produce  a  single 
durable  bond,  but  to  assemble  a  system  containing  multiple,  controlled,  weak  bonds  seems 
next  to  impossible. 


COATING/SURFACE  MODIFICATION  OF  SILICONE 

Improvement  in  CWA  resistance  may  be  achieved  through  surface  modification  and/or  coat¬ 
ing  of  the  silicone.  A  thorough  study  was  conducted  by  Dow  Corning1"'  in  which  changes  in 
the  siloxane  backbone  were  made  to  improve  CWA  resistance.  However,  these  materials 
showed  inferior  mechanical  properties  relative  to  silicone.  It  should  be  possible  to  preserve 
the  favorable  bulk  properties  of  the  silicone  while  improving  barrier  properties  by  chemically 
modifying  the  silicone  surface  to  resemble  alternative  polysiloxancs.  However,  this  approach 
is  severely  limited  by  the  physiochemical  nature  of  the  generic  siloxane  backbone. 

The  penetration  of  CWA’s  through  barrier  materials  generally  proceeds  via  two  distinct 
steps.  The  first  is  the  introduction  of  the  CWA  molecules  into  the  barrier  material  from  an 
external  reservoir.  The  second  consists  of  the  transport  of  these  molecules  through  the  bar¬ 
rier  material  by  diffusion.  The  first  step  is  governed  by  thermodynamics  (CWA/CWA  interac¬ 
tion  versus  CWA/polymcr  interaction,  surface  energy  and  contact  angle,  etc.),  while  the  second 
depends  for  the  most  part  on  concentration,  free  volume,  and  polymer  segment  mobility. 

While  the  chemical  modification  of  silicone  can  greatly  influence  the  rate  of  the  first  step,  it 
may  have  little  or  no  effect  on  the  second. 

Silicone  rubbers  consist  of  a  semi-ionic  (ca.  50%  ionic)  Si-O  backbone  shielded  by  non¬ 
polar  methyl  groups.  The  Si-O  bonds  are  relatively  long  and  the  Si-O  bond  angle  is  large. 
Rotation  about  these  bonds  and  the  Si-C  bonds  is  free  of  restriction.  It  is  the  free  rotation 
of  the  methyl  groups  about  the  Si-O  backbone  which  shields  it  and  results  in  the  non-polar 
nature  and  low  surface  energy  properties  of  silicone  rubbers. 

CWA’s  are  generally  of  intermediate  polarity.  The  initial  penetration  of  CWA's  into  sili¬ 
cone  is  somewhat  restricted  by  the  surface  properties  imparted  by  the  freely  rotating  methyl 
groups.  However,  once  the  CWA  molecules  have  crossed  the  CWA/siiicone  interlace,  the 
large  free  volume  in  the  vicinity  of  the  Si  atom  and  freely  rotating  methyl  groups  present  the 
penetrating  molecules  with  an  open  door.  Diffusion  proceeds  virtually  unimpeded. 

Theoretically,  it  should  be  possible  to  decrease  the  Si-C  and  Si-0  bond  lengths,  and  per¬ 
haps  to  limit  rotation,  by  adding  electron  withdrawing  species  to  the  methyl  groups.  How¬ 
ever,  in  reality,  this  cannot  be  done  without  destabilizing  the  polymer.  In  the  past,  there  has 
been  some  success  in  improving  the  barrier  properties  of  siloxane  rubbers  by  replacing  the 


12.  POl.MANTERR,  K.  Pens  Elastomer  Optimization  Progress  for  Sew  Protective  Mask,  XMM)  Dow  Corning  Corp  .  Midland.  Ml.  June  19S| 
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methyl  groups  with  electron  withdrawing  fluoroalkyl  groups.  These  polymers  are  only  stable  if 
the  fluorinated  moiety  is  separated  from  the  siloxane  by  a  spacer  unit  which  is  at  least  two 
methylene  units  long.  This  apparently  explains  the  failure  of  fluorine  (CF4)  plasma  treat¬ 
ments  in  improving  the  barrier  properties  of  silicone.  The  decrease  in  the  permeability  of 
siloxane  fluoropolymers  can  be  attributed  mainly  to  increased  shielding  of  the' siloxane  back¬ 
bone  and  decreased  surface  energy.  While  both  factors  decrease  the  rate  of  the  first  step  of 
CWA  penetration,  diffusion,  controlled  by  free  volume  and  segment  mobility,  is  probably  unaf¬ 
fected.  In  fact,  the  free  volume  of  these  polymers  is  usually  increased  by  the  increasing  bulki¬ 
ness  of  the  substituent  group. 

Similarly,  attempts  to  inhibit  free  rotation  by  the  substitution  of  bulky  groups  for  the 
methyls  may  not  only  have  limited  success,  but  will  also  invariably  result  in  increased  free 
volume.  Further,  any  attempt  to  suitably  improve  barrier  properties  by  radiation  or  plasma 
crosslinking  of  the  surface,  would  require  such  extensive  crosslinking  as  to  embrittle  the  sur¬ 
face  beyond  use. 

Overall,  chemical  modification  would  not  appear  to  be  an  effective  means  of  improving 
the  barrier  properties  of  silicone.  Plasma  and  ion  fluorination  of  other  synthetic  rubbers1* 
provided  only  temporary  improvement  in  absorption  rate  for  the  plasma  treatment  and  led  to 
embrittlement  and  cracking  for  the  ion  implantation  technique. 

The  problems  in  surface  coating  silicone  to  improve  barrier  properties  arc  essentially  iden¬ 
tical  to  those  encountered  in  adhering  a  suitable  barrier  material  to  a  silicone  surface,  except 
in  the  coating  case  the  adhesive  is  also  the  barrier.  No  coatings  exist  which  adhere  to  the 
unmodified  silicone  surface,  unless  the  coating  is  itself  a  silicone.  Surface  preparation  is  thus 
necessary  and  would  follow  similar  methods  as  described  for  adhesive  bonding  preparation. 

It  is  possible  to  introduce  functionalities  into  the  silicone,  cither  during  polymer  formation 
or  by  surface  modification,  which  enhance  adhesion  through  the  formation  of  chemical  bonds. 

In  order  to  maintain  the  desired  properties  of  the  silicone,  chemical  modification  of  the  sili¬ 
cone  surface  would  be  the  preferred  route.  Reactive  functionalities,  such  as  hydroxyl  or 
amine,  are  recommended  due  to  case  of  incorporation,  diversity  of  possible  reactions  with  can¬ 
didate  coatings,  and  stability  of  the  resultant  modified  siloxane  (hydroxyls  and  amines  are  non- 
electron  withdrawing).  Hydroxyl  groups  can  be  introduced  either  by  mild  hydrolysis  of  the 
siloxane  backbone  or  by  oxidation  of  the  methyl  groups.  Amine  groups  are  best  introduced 
by  halogcnation  followed  by  reaction  with  ammonia.  Other  possible  methods  for  functio¬ 
nalizing  the  silicone  surface  include  replacing  the  methyl  groups  by  electrophilic  substitution 
and  the  use  of  mild  hydrolysis  followed  by  reaction  with  functionalized  siloxane  surface  agents. 

COPROCESSING  WITH  SILICONE 

Improvement  in  CWA  resistance  may  be  achieved  by  coprocessing  silicone  with  better 
resistant  materials.  Processing  elastomeric  materials  consists  of  forming  the  product  from 
uncured  material  then  crosslinking  the  material  into  the  final  form.  Coprocessing  of  a 
laminated  material  can  proceed  by  three  distinct  routes:  lamination  of  two  completely 
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cured/formed  materials,  lamination  of  an  uncured  material  to  a  formed  uncured  or  cured  mate 
rial  followed  by  cure  of  the  final  product,  and  lamination  of  two  uncured  materials  followed 
by  formation  and  cure  of  the  final  product.  The  first  process  is  essentially  adhesive  bonding. 
The  second  process  would  include  coating,  but  also  includes  other  sequential  processing  meth¬ 
ods.  This  section  will  primarily  consider  the  methods  of  the  third  ‘processing  route  and 
address  the  other  sequential  methods.  The  adhesive  bonding  and  coating  methods  have  been 
covered  above.  As  in  the  adhesive  bonding  section,  the  lamination  of  butyl/chlorobutyl  rub¬ 
bers  and  fluoroelastomers  with  silicone  were  considered. 

Currently  available  silicone  facepiece  components  are  injection  molded  which  allows  for 
the  production  of  complex  shapes.  Either  injection  molding  or  transfer  molding  allows  for 
sequential  processing  of  laminated  facepiece  by  using  a  premolded  form  of  one  material  as 
insert  for  molding  of  the  second  material.  However,  all  the  same  problems  encountered  with 
adhesive  bonding  and  coating  also  apply.  The  prcmoldcd  material  requires  similar  surface 
treatment  before  the  addition  of  the  second  material  to  assure  a  durable  bond  in  the  final 
laminated  product.  Rotational  molding  might  also  be  used  for  the  sequential  molding  of  a 
second  material  over  an  insert. 

Concurrent  formation  of  an  uncured  laminated  material  avoids  the  problems  and  addi¬ 
tional  processing  time  associated  with  the  surface  preparation  of  sequential  processing  meth¬ 
ods.  Interpenetration  of  the  two  materials  before  cure  should  provide  a  stronger  laminated 
material.  However,  this  interdiffusion  will  most  likely  be  limited.  Strength  of  this  interface 
can  be  enhanced  by  the  incorporation  of  compatibilizers.  These  are  typically  copolymers  sim¬ 
ilar  to  the  two  incompatible  materials  to  be  joined.  Once  they  migrate  to  the  interphase.  the 
copolymer  components  associate  with  their  corresponding  pure  phase  and  chemically  linked 
with  it  if  desired.  Chung  and  Hamed14  recently  reported  on  work  with  a  butyl  rubber/nitrile 
rubber  system  where  a  copolymer  was  formed  at  the  interface  after  the  faster  migration  of 
the  low  molecular  weight  components  of  the  copolymer. 

Compression  molding  or  another  thermoforming  technique  consisting  of  a  cocalendered  or 
coextruded  sheet  material  could  be  utilized  for  the  concurrent  formation  process.  Careful 
selection  of  the  individual  cure  systems  must  be  made  to  assure  compatible  processing  beha¬ 
vior.  An  undeveloped  possibility  is  the  rotational  molding  of  two  liquid  systems  with  separa¬ 
tion  in  the  mold  by  centrifugal  force. 


ALTERNATIVE  DESIGNS 

The  various  approaches  considered  to  this  point  all  assume  that  a  laminated  material  of 
silicone  with  a  CWA  resistant  material  would  yield  improvements  to  the  current  facepiece 
design.  This  material  would  ideally  maintain  the  wearability  of  silicone  and  the  CWA  resis¬ 
tance  of  butyl  rubber  or  fluoroelastomer.  However,  the  mechanics  of  the  design  must  also  be 
considered.  A  desired  physical  property  must  also  be  associated  with  the  type  of  deformation 
it  undergoes.  Wearability  of  the  facepiece  is  associated  with  stretching,  compression,  and 
shearing  of  various  sections.  These  deformations  would  also  occur  both  parallel  and 
perpendicular  to  the  laminate  surface. 
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If  a  laminate  is  stretched  parallel  to  its  surface,  the  stiffcr  material  will  dominate.  If  the 
same  laminate  is  stretched  perpendicular  to  its  surface,  the  softer  material  will  dominate.  So 
wearability  of  a  laminate  is  not  necessarily  guaranteed  if  one  of  the  layers  is  considered  wear¬ 
able.  Thus,  assigning  engineering  specifications  for  the  entire  facepiece,  as  in  Table  1,  may 
not  reflect  the  engineering  requirements  for  the  different  sections  of  the  design.  The  pur¬ 
pose  of  this  alternative  design  approach  was  to  consider  how  currently  available  materials  may 
be  better  incorporated  into  the  facepiece  rather  than  the  current  design. 

The  goal  of  any  facepiece  system  is  to  provide  the  head  with  CWA  protection  and  do  it 
comfortably.  The  soldier  must  be  able  to  breathe,  see,  and  hear.  This  does  not  necessarily 
have  to  be  achieved  through  the  use  of  a  tightly  fitted  facepiece.  A  butyl  fabric  hood  is  pres¬ 
ently  used  to  cover  most  of  the  head.  Any  impermeable  material  (including  thermoplastics, 
glasses,  etc.)  can  be  used  in  a  hood  arrangement  over  the  entire  head  with  the  provision  for 
vision.  There  is  no  requirement  for  the  breathing  apparatus  to  be  attached  to  the  head,  only 
to  supply  air  under  the  hood.  If  fit  to  the  face  is  required,  it  can  be  done  with  an  all  sili¬ 
cone  system  under  the  impermeable  material. 

More  specifically  to  the  present  facepiece  design,  an  all  butyl  facepiece  with  some  type  of 
silicone  O-ring  under  it  around  the  face  may  provide  a  better  seal  than  a  laminate.  The  loss 
in  the  flexibility  of  the  facepiece  can  be  made  up  with  an  all  silicone  back-strap  piece  which 
now  resides  under  the  butyl  fabric  hood.  The  correct  material  selection  for  where  it  is 
required  would  seem  to  provide  a  number  of  options,  even  in  the  current  design,  provided 
the  engineering  specifications  arc  not  applied  where  not  needed. 

ALTERNATIVE  MATERIALS 

Previous  studies  on  butyl  rubber  and  fluoroeiastomers  show  excellent  CWA  resistance. 

Other  elastomeric  materials  may  also  prove  valuable,  but  their  CWA  resistance  is  not  yet  docu¬ 
mented.  The  incorporation  of  silicone  into  blends,  interpenetrating  networks  (IPN’s),.  and/or 
copolymers  were  considered  along  with  some  experimental  materials  which  may  not  make  the 
required  6.3  implementation  by  FY1994. 

Polymer  blends  have  been  investigated  to  some  extent.*  The  findings  observed  to  date 
accurately  reflect  the  benefits  and  limitations  of  conventional  blends.  The  properties  of  the 
blend  arc  essentially  a  mixture  of  the  properties  of  its  components.  The  contribution  of  each 
component  to  the  final  properties  of  the  blend  is  roughly  proportional  to  the  percentage  of 
the  component  present.  Thus  blending  an  agent  resistant  material  into  the  silicone  compound 
more  or  less  linearly  degrades  mechanical  properties  as  it  enhances  barrier  properties.  This 
approach  is  likely  to  yield  at  best  a  compromise  material  which  falls  short  of  all  the  desired 
specifications.  There  is  the  possibility  that  a  complex  ternary  or  quaternary  blend  could  result 
in  an  improved  material,  but  the  complexity,  expense,  and  time  required  to  perform  such  a 
blending  study  make  this  a  poor  p.ospect  loi  a  solution  to  the  current  problems. 

IPN’s  can  be  regarded  essentially  as  high  performance  blends.  Their  chief  advantage  over 
blends  is  their  superior  uniformity  and  homogeneity.  This  leads  to  superior  performance  com¬ 
pared  to  conventional  blends,  particularly  in  the  areas  of  strength  and  durability.  The  effect 
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of  the  best  IPN’s  is  to  achieve  blending  at  the  molecular  level.  This  results  in  a  material 
with  properties  that  are  a  hybrid  of  its  components,  but  in  which  the  properties  of  the  pure 
components  are  hidden.  A  typical  example  is  that  of  an  IPN  incorporating  two  components; 
one  with  a  high  glass  transition  temperature  and  one  with  a  low  glass  transition.  In  a  well 
formed  IPN,  the  resultant  material  exhibits  one  broad  glass  transition  somewhere  between 
those  of  the  components.  Again,  it  is  unlikely  that  this  technology  will  result  in  a  satisfactory 
material  since  incorporation  of  an  effective  barrier  material  is  expected  to  have  a  detrimental 
effect  on  the  mechanical  and  low  temperature  properties  of  the  product  material.  Sperling1 
discusses  IPN’s  containing  silicones.  Commercial  IPN’s  containing  silicone  are  available  from 
Petrarch  Systems  and  Uniroyal.  A  number  of  functionalized  silicones  are  available  from 
Petrarch  Systems  for  incorporation  into  IPN’s  or  copolymers. 

In  the  past  few  years  it  has  been  demonstrated  that  block  copolymers  of  siloxancs  with 
hydrocarbons  can  give  rise  to  unique  morphologies  in  which  the  respective  blocks  orient  them¬ 
selves  into  layered  structures  when  processed.  Work  by  Arnold  et  al.u>  with  polyimide- 
siloxanc  (PI-PSX)  block  copolymers  exhibit  this  effect.  In  PI-PSX  copolymers  with  10%  to 
20%  siloxane  blocks,  a  surface  layer  forms  that  is  80%  siloxanc.  The  result  is  a  high  tempera¬ 
ture  polymer  with  the  structural  properties  of  polyimide  and  a  hydrophobic  surface  typical  of 
the  siloxane.  This  effect  greatly  enhances  the  stability  of  the  polyimide  to  environmental  deg¬ 
radation.  Work  with  a  catalytic  hydrosilation  crosslinking  process  that  could  conceivably  be 
applied  to  produce  siloxane-butyl  block  structures  is  being  investigated  at  Dow  Corning. 
Assuming  that  a  PSX-butyl  copolymer  would  demonstrate  the  same  properties  as  the  PSX-PI 
polymers  of  Arnold,  then  one  might  expect  to  form  a  butyl  material  with  a  siloxane-rich  sur¬ 
face.  While  such  a  material  probably  would  not  have  the  necessary  mechanical  properties 
required  to  produce  a  monolithic  facepiece  molding,  the  approach  might  be  used  to  produce  a 
butyl  layer  that  is  surface  compalibilized  with  the  siloxane  facepiece  so  as  to  facilitate  adhe¬ 
sive  bonding  or  co-molding  in  order  to  permanently  fuse  a  barriet  layer  to  the  facepiece. 

Carbonyl  containing  compounds  arc  good  solvents  for  silicone  polymers,  and  this  may  be 
so  due  to  interactions  between  the  carbonyls  and  the  Si-O  backbone.  Intimate  interactions  of 
this  kind  may,  to  some  extent,  result  in  a  reduction  of  free  volume.  If  this  is  so,  then  the 
incorporation  of  short  blocks  of  keto-polymer  or  keto-fluoropolymer  into  the  silicone  may  be 
a  way  of  decreasing  free  volume  and  possibly  of  hindering  the  free  rotation  of  the  siloxane 
alkyl  substituents. 

Another  class  of  copolymers  with  potential  for  this  application  is  the  thermoplastic  elasto¬ 
mers  (TPE’s),  typified  by  the  Kraton  line  of  products  from  Shell.  Although  these  materials 
have  apparently  received  some  consideration  as  a  barrier  film  to  be  applied  over  the  silicone 
facepiece,  there  is  no  indication  that  making  the  facepiece  entirely  out  of  TPE's  has  been  con¬ 
sidered.  It  may  be  worthwhile  to  note  that  two  new  Kraton  compounds  have  recently  been 
developed  which  have  mechanical  properties  very  similar  to  (and  are  intended  to  compete  with) 
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silicones.  A  recent  publication17  reviews  some  of  the  properties  of  these  materials. 

Monsanto  is  also  currently  working  on  a  butyl  TPE  which  shows  good  permeation  resistance. 

If  all  mechanical  properties  fall  in  an  acceptable  range,  the  TPE’s  are  virtually  certain  to 
offer  enhanced  agent  resistance  relative  to  silicones. 

Some  experimental  polyurethanes  hold  promise  as  potential  facepiece  materials  or  coat¬ 
ings.  One  of  the  best  might  be  an  experimental  polyurethane  formed  with  hydroxyl  termi¬ 
nated  isobutylene  telomcrs.18  Properties  of  this  butyl  rubberlike  material  can  be  varied  by 
changing  teiomer  lengths  and  isocyanate  structure.  In  addition,  the  isocyanates  react  readily 
with  hydroxyl  and  amine  functionalized  surfaces.  Similarly,  another  potential  candidate  might 
be  an  experimental  polyurethane  formed  with  hydroxyl  terminated  polyethylene.  Preliminary 
investigations  on  this  material  are  being  carried  out  by  Catherine  A.  Byrne  at  U.S.  Army 
Materials  Technology  Laboratory  (MTL). 

Other  potential  facepiece  materials  include  fluorophosphazencs  and  some  new  low  tempera¬ 
ture  fluoroelastomcrs  from  Dupont. 


SUMMARY 

For  a  facepiece  design  similar  to  the  one  currently  used,  the  ideal  facepiece  material 
would  be  a  homogeneous  elastomer  which  fits  all  the  criteria  for  CWA  resistance,  wearability, 
and  aging/storage  behavior.  With  only  limited  CWA  resistance  information  available,  this 
ideal  material  does  not  appear  to  currently  exist.  The  best  alternative  seems  to  be  a  differ¬ 
ent  design  using  currently  available  materials.  CWA  resistance  can  presently  be  achieved,  but 
the  combination  with  wearability  typically  eliminates  a  material  from  consideration.  An  alter¬ 
nate  design  with  available  materials  should  yield  an  acceptable  combination.  If  a  laminate  can 
provide  the  wearability  that  is  required,  cither  the  coextrusion/cocalendering  or  the  adhesive 
bonding  of  a  butyl/siliconc  material  should  provide  another  option. 
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1  ATTN:  ATSH-B,  NBC  Branch 

Commander 

U.S.  Army  Infantry  School 
Fort  Benning,  GA  31905-5800 
1  ATTN:  ATSH-CD-MLS-C 


Commander 

U.S.  Army  Armament,  Munitions,  and  Chemical 
Command 

Rock  Island,  IL  61299-6000 
1  ATTN:  AMSMC-ASN 

AMSMC-IMP-L 
AMSMC-IRA 
AMSMC-IRD-T 
AMSMC-SFS 

Director 

U.S.  Army  Materiel  Command  Field 
Safety  Activity 

Charlestown,  IN  47111-9669 
1  ATTN:  AMXOS-SE  (Mr  W  P  Yutmeyer) 

Commander 

Naval  Weapons  Support  Center 
Crane,  IN  47522-5050 

1  ATTN:  Code  5063  (Dr  J  R  Kennedy) 

Commander 

U.S.  Army  TRADOC  Independent 
Evaluation  Directorate 
Fort  Leavenworth,  KS  66027-5130 
1  ATTN:  ATZL-TIE-C  (Mr  C  Annett) 

Commander 

U.S  Army  Combined  Arms  Center 
Development  Activity 
Fort  Leavenworth,  KS  66027-5300 
1  ATTN:  ATZL-CAM-M 

Commander 

U.S.  Army  Armor  School 
Fort  Knox.  KY  40121-5211 
1  ATTN:  ATZK-DPT  (NBC  School) 
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Commander 

U.S.  Army  Natick  Research,  Development  and 

Engineering  Center 
Natick,  MA  01760-5015 
1  ATTN:  STRNC-AC 

STRNC-UE 
STRNC-WTS 
STRNC-WT 
STRNC-IC 
STRNC-ICC 
STRNC-IP 

STRNC-ITP  (Mr.  Tassinari) 

STRNC-YB 

STRNC-YE 

STRNC-YM 

STRNC-YS 

Headquarters 

Andrews  Air  Force  Base.  MD  20334-5000 
1  ATTN:  AFSC/SDTS 

AFSC/SG8 

Commanding  Officer 

Naval  Explosive  Ordnance  Disposal  Technology  Center 
Indian  Head,  MD  20640-5070 
1  ATTN:  Code  BC-2 

1  Commander 

Detachment  S,  USOG,  Team  III 
Fort  Meade,  MD  20755-5985 

Commander 

Harry  Diamond  Laboratories 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1145 
1  ATTN:  DELHD- RT-CB  (Dr.  Sztankay) 

Commander 

U.S.  Army  Laboratory  Command 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1145 
1  ATTN:  Technical  Library 

Director 

U.S  Army  Concepts  Analysis  Agency 
8120  Woodmont  Avenue 
Bethesda,  MD  20814-2797 
1  ATTN:  CSCA-RQL  (Dr  Helmbold) 

Director 

U.S  Army  Human  Engineering  Laboratory 
Aberdeen  Proving  Ground,  MD  21005-5001 
1  ATTN:  AMXHE-IS  (Mr.  Harrah) 

Project  Manager 
Smoke/Obscurants 

Aberdeen  Proving  Ground,  MD31005-5001 
1  ATTN:  AMCPM-SMK-E  (A.  Van  de  Wal) 

AMCPM-SMK-T 

Commander 

U  S  Army  Test  and  Evaluation  Command 
Aberdeen  Proving  Ground,  MD  21005-5055 
1  ATTN:  AMSTE-TE-F 

AMSTE-TE-T 


Director 

U.S.  Army  Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground,  MD  21005-5066 
1  ATTN:  SLCBR-OD-ST  (Tech  Reports) 

Director 

U.S.  Army  Materiel  Systems  Analysis  Activity 
Aberdeen  Proving  Ground.  MD  21005-5071 
1  ATTN:  AMXSY-GC  (Mr.  F  Campbell) 

AMXSY-MP  (Mr.  H.  Cohen) 

Commander 

U.S.  Army  Toxic  and  Hazardous  Materials  Agency 
Aberdeen  Proving  Ground,  MD  21010-5401 

1  ATTN:  AMXTH-ES 

AMXTH-TE 

Commander 

U.S.  Army  Environmental  Hygiene  Agency 
Aberdeen  Proving  Ground.  MD  21010-5422 
1  ATTN:  HSHB-O/Editorial  Office 

Commander 

U.S.  Army  Armament,  Munitions,  and  Chemical  Command 
Aberdeen  Proving  Ground,  MD  21010-5423 

1  ATTN:  AMSMC-HO  (A)  (Mr  J.  K  Smart) 

AMSMC-QAC  (A) 

AMSMC-QAE  (A) 

Commander 

U.S.  Army  Technical  Escort  Unit 
Aberdeen  Proving  Ground,  MD  21010-5423 
1  ATTN:  AMCTE-AD 

Commander 

U.S.  Army  Medical  Research  Institute  of  Chemical 
Defense 

Aberdeen  Proving  Ground,  MD  21010-5425 
1  ATTN:  SGRD-UV-L 

Director 

Armed  Forces  Medical  Intelligence  Center 
Fort  Detrick,  Building  1607 
Frederick,  MD  21701-5004 
1  ATTN:  AFMIC-IS 

Commander 

U.S.  Army  Medical  Bioengineering  Research  and 
Development  Laboratory 
Fort  Detrick 

Frederick,  MD  21701-5010 
1  ATTN:  SGRB-UBG  (Mr  Eaton) 

SGRS-UBG-AL,  Bldg  568 

Commander 

HQ  1/1 63d  ACR,  MT  ARNG 
P.O.  Box  1336 
Billings.  MT  59103-1336 
1  ATTN:  NBC  (SFC  W  G  Payne) 

Director 

U.S  Army  Research  Office 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-221  1 
1  ATTN:  SLCRO-CB  (Dr  R  Ghirardelli) 

SLCRO-GS 
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Commander 

U.S.  Army  Cold  Regions  Research  and  Engineering 
Laboratory 

Hanover.  NH  03755-1290 
1  ATTN:  CRREL-RG 

Commander 

U.S.  Army  Production  Base 
Moderization  Activity 
Dover,  NJ  07801 

1  ATTN:  AMSMC-PBE-C  (D)/Reg  ber 

Commander 

U.S.  Army  Armament  Research,  Development,  and 
Engineering  Center 
Picatinny  Arsenal,  NJ  07806-5000 
1  ATTN:  SMCAR-A-E  (S.  Morrow) 

SMCAR-AE  (R.  A.  Trifiletti) 

SMCAR-CCT 

SMCAR-FSF-B 

SMCAR-MSI 

SMCAR-AET  (Bldg.  335) 

Project  Manager 

Cannon  Artillery  Weapons  Systems 
Picatinny  Arsenal,  NJ  07806-5000 
1  ATTN:  AMCPM-CAWS-A 

Director 

Los  Alamos  National  Laboratory 
Los  Alamos,  NM  87545 

1  ATTN:  (S.  Gerstl)  ADAL.  Mail  Stop  A104 

Commander/Director 

U.S.  Army  Atmospheric  Sciences  Laboratory 
White  Sands  Missile  Range,  NM  88002-5501 
1  ATTN:  SLCAS-AE  (Dr.  F.  Niles) 

SLCAS-AE-E  (Dr.  D.  Snider) 

SLCAS-AR  (Dr.  E.  H.  Holt) 

SLCAS-AR-A  (Dr.  M.  Heaps) 

SLCAR-AR-P  (Dr.  C.  Bruce) 

SLCAR-AR  (Dr.  R.  Sutherland) 

Director 

U  S.  Army  TRADOC  Analysis  Command 
White  Sands  Missile  Range.  NM  88002-5502 
1  ATTN:  ATOR-TSL 

ATOR-TDB  (L.  Dominquez) 

Commander 

U.S.  Army  Materiel  Command  Science  and 
Technology  Center,  Europe 
APO.  New  York  09079-4734 
1  ATTN:  AMXMI-E-OP  (Joe  Crider) 

Commander 

Headquarters,  3d  Ordnance  Battalion 
APO.  New  York  09189-2737 
1  ATTN:  AEUSA-UH 

Commander 
U.S.  Military  Academy 
Department  of  Physics 
West  Point,  NY  10996-1790 
1  ATTN:  Major  Decker 


Headquarters 

Wright  Patterson  AFB,  OH  45433-6503 
1  ATTN:  WRDC/FIEEC 

ASD/AESD 
AAMRL/HET 

1  FTD-TQTR 

Wright  Patterson  AFB,  OH  45433-6508 

1  WRDC/FIES/SURVIAC 

Wright  Patterson  AFB,  OH  45433-6553 

1  AAMRL/TID 

Wright  Patterson  AFB,  OH  45433-6573 
Commandant 

U.S.  Army  Field  Artillery  School 
Fort  Sill,  OK  73503-5600 
1  ATTN:  ATSF-GA 

Commander 

Naval  Air  Development  Center 
Warminster,  PA  18974-5000 
1  ATTN:  Code  60332  (D  Herbert) 

Commandant 

U.S.  Army  Academy  of  Health  Sciences 
Fort  Sam  Houston,  TX  78234-6100 
1  ATTN:  HSHA-CDH  (Dr  R.  H.  Mosebar) 

HSHA-CDS  (CPT  Eng) 

HSHA-IPM 

Headquarters 

Brooks  AFB,  TX  78235-5000 
1  ATTN:  HSD/RDTK 

HSD/RDS 
USAFSAM/VNC 

Commander 

U  S  Army  Dugway  Proving  Ground 
Dugway,  UT  84022-5010 
1  ATTN:  STEDP-SD  (Dr.  L  Salomon) 

Commander 

U.S.  Army  Dugway  Proving  Ground 
Dugway,  UT  84022-6630 
1  ATTN:  STEDP-SD-TA-F  (Technical  Library) 

HQ  Ogden  Air  Material  Area 
Hill  AFB,  UT  84056-5609 
1  ATTN.  MMWM 

Director 

U.S  Army  Communications-Electronics  Command 
Night  Vision  and  Electro-Optics  Directorate 
Fort  Belvoir,  VA  22060-5677 
1  ATTN:  AMSEL-NV-D  (Dr  R  Buser) 

Commander 

Marine  Corps  Development  and  Education  Command 
Quantico,  VA  22134-5080 
1  ATTN.  Code  D091.  SPWT  Section 
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Deputy  Director 
Marine  Corps  Institute 
Arlington,  VA  22222-0001 
1  ATTN:  NBC  CD,  CDD2 

Commander 

U  S.  Army  Nuclear  and  Chemical  Agency 
7500  Backtick  Road,  Bldg.  2073 
Springfield,  VA  22150-3198 
1  ATTN:  MONA-CM 

Chief  of  Naval  Research 
800  N.  Quincy  Street 
Arlington,  VA  22217 
1  ATTN:  Code  441 

Commander 

U  S.  Army  Materiel  Command 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333-0001 

1  ATTN:  AMCCN 

AMCSF-C 

AMCLD 

Commander 

Defense  Technical  Information  Center 
Cameron  Station,  Bldg  5 
5010  Duke  Street 
Alexandria,  VA  22304-6145 

2  ATTN:  DTIC-FDAC 

Commander 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448 
1  ATTN:  Code  E431 1 

Code  G51  (Brumfield) 

Commander 

U.S.  Army  Foreign  Science  and  Technology  Center 
220  Seventh  Street,  NE 
Charlottesville,  VA  22901 
1  ATTN.  A1FRTC, 

(Gerald  Schlesinger) 

Applied  Technologies  Branch 


Director 

Aviation  Applied  Technology  Directorate 
Fort  Eustis,  VA  23604-5577 
1  ATTN:  SAVRT-ALT-ASV 

Commander 

U.S.  Army  Training  and  Doctrine  Command 
Fort  Monroe.  VA  23651-5000 
1  ATTN:  ATCD-N 

1  HQ  TAC/DRPS 

Langley  AFB,  VA  23665-5001 

Commander 

U.S.  Army  Logistics  Center 
Fort  Lee,  VA  23801-6000 
1  ATTN:  ATCL-MGF 


Commander 

U.S.  Army  Armament,  Munitions,  and  Chemical  Comman 
Aberdeen  Proving  Ground,  MD  21010-5423 
1  ATTN:  AMSMC-QAO-C  (A)  (Dr.  P  Patel) 

Commander 

U.S.  Army  Tank-Automotive  Command 
Warren,  Ml.  48090 

1  ATTN:  AMSTA-NR  (Mr  R  Case) 

AMSTA-RTS  (Mr  A  Pacis) 

U.S.  Environmental  Protection  Agency 
Woodbridge  Avenue  (MS-104) 

Edison,  NJ  08837-3679 

1  ATTN:  Exposure  Reduction  Technology  Section 

(M  Gruenfeld) 

Director 

U.S.  Army  Materials  Technology  Laboratory 
Watertown,  MA  02172-0001 
1  ATTN:  SLCMT-TML 

6  Authors 


©.<2 
o  £ 

.2  £ 

S- c  05 

©  ir  r 
©  03  03 
U.  <  < 


8  cr 

o  t: 

^  c 
-  c 
©  <d 
♦  c  </) 

UJ  Cc'C/5 

2:  ^  "© 
a-  <  © 

3  ©-C 
CO  c  O  £ 

-j  j2  o 

GC  ©  c 
IUqTJ  D 
H  .  '©  > 

<  «  C> 

2  ®-gm 

UJ  3  m  >. 
O  Nl  .  _5 

:  lu  ^  to  c 
!  £  C  c  5 
;  w  o  «  <z> 

■  u_  S  2  <0 


a  2*T3  © 

-  C  g;  - 

o.».«  2 
■j  E  E 

=  m  o  —  ® 

E  8  2  -2>-G 

©  ©  Q.  c  « 

-C  V  Q  O  'js 
©  o  .•«  « 

is  85  >. 

Jr  «  o  ♦: 

9-  -  «  T5  g 

£  o  =  ®  w 
—  ^ 
JS?|o 

“  |  §  «  C  .5 

1  §-5  s  s! 

Ja|fc5 

©  ©  0  —  ©  ° 

©.2c©©© 

©  ©  C  c  -D  s 
8  j?®  .2  ©  © 
ois*|s 

Q.  03 t©^ 
C  3  ©  C  © 

°  c  4 .2  5  £ 
«  B  S’®  £  ■* 

2  c  I  S  “  ® 

2  1  §  £  1  E 

«  E  o  ©  «  o 

E  ©  ©  ~o  ©'  c 

©  Z  rj  «  -2  .2 
A  >  v  w  0  '2 

s||g-M 
2  i  o  r  1  s 

2  -5  o>-§  O  » 

3  2  —  ©  ©  X) 

t  S  ©  0  -33 

«  y.  >  =  o  o 

°  „  5  «  o  2 
2  c  ©  -r  E  © 
«  ®r  »  «  ; 
*o;5;{ 
>,  ©  ^  o  ©  Q. 

©  ©  .  ~  ©  Q. 

^  S  5  *  © 

2  -c  2  £  <  « 

©  ©  2  .ts  >  o 
<  Jo  JO* 


w«  -S 

CO  o  2 


o  .2 

8  « 

.2  2 

S-c  01 
©  E  c 

Q  ©  ._ 

©  O)  03 

U_  <  < 


»■  vw 

2  i 
©  © 

•  E  tf> 

(£*0) 

ff  <  s 

=5  ©  a:  _ 
0)  c  ©  £ 

<!!-I 

ESsJ 

uj  o  (/)  >. 
O  Nl  .  © 
UJ  C 0  C 
o.  *2  c  5 
UJ  ©  ©  CO 

.  u.  S  Z  © 


.J.  “TJ  ® 

—  c  ©  ts 
fl-'m  .ti  2 
«  9-S  E  E 

E  8  2  >s 

©  ©  Q_  c  © 

-C  q  O  °  3 

©  o  -  ts  © 

§•2  85  >■ 

E  o  j=  ©  £ 

^  t 
©  ©  *3  .2  o 

•p  §**  £  3  £ 

JQ.||  C  o 

8 g ? •? g 

©.2c©©© 
©  «  t  t  TJ  n 
8  £\®  £  ©  © 
o  a  «  «  >  © 
a  o)Ti  c  £ 
._  c  ^  ©  r  © 

O  c  4»  >  5  £ 

*i  £  .£  c  ®  © 

©  I  S  £  c  E 
3  E  o  «  ©  o 
E  ©  ©  T)  ©"  c 
Hi '£  q  ©  -2  .2 

fl)  >  O  w  «5 

gg|g'|® 

2  §5-=  I  * 

-  2  9>-§  .2  8 

£  m  —  ©  ©  A3 

°  2  1?  .>  E  © 
■O  <•  O  ©  o  £ 

8 1  *  £  I  ® 

S  o  §  J  *  o 
O  ~  s  a  8  S 

S  g  ^  ©  «  2 

*  “J  o  »  S 
>s  ®  o  ©  a. 

©  ©  •  rE  £  Q- 

£  «  5  *  a  M 

3  t  2  £  5  in 

®  «  o  ■=  S  o 


» 

8  | 
?I  ? 

y  ©  = 
CO  O)  03 
U.  <  < 


C  <  © 

C  c3  ®  c 
Uq-O  © 

i  ®-  g5 

Uy'W  C 

L  C  c  2 
li  ©  ®  o) 
j  ©  £  TJ 
L  s  z  © 


A  ?'0  © 

—  C  ©  ts 
a  »  S  2 
o  D.  ©  p  E 

.3  «  s  =  ® 

E  8  2  -2-AJ 

©  ©  Q.  c  © 

-C  *g_  ©  o  = 

°  ©  8a:  § 

©  o  a 

§^85^ 

a®  c 

1  £  1  |  g 

«  5  O  2  o 

°  «  C  g  03  « 

jc  ©  o  2-  .E  c 

2  Cl  -.  ©  m  © 

c  O  ©  “  3  ti 
5  Q.|  |  c  5 

8  2  ■§  » -5  8 

®  s  E  ®  ■§  | 

©^aj©^?- 

2  a  8  g  £  g 
a  o)  *t  =  ©  ” 
w  c  3  ©  c  © 

«  c-2.2  ©5 

fa!  |?s 

2  !  8  S 1  e 

©  E  o  «  ©  o 
E  ©  ©  "O  ©‘  c 
8  I  o  §  -g  g 

»  |  s  g  ^  * 

3  o  ©  n»  © 

M  ©  2  «  S  ” 

°  .?  o>-§  .2  § 
3  8  ij  ©  «  A» 
O  2  ?  >  E  © 

e?58£f 

E  g  ®  5  •£  5 

3^1 S 82 
8  g  i  ©  «  2 

*  g>2  §  .«  8 

>,  •  <  o  0  S. 

©  ©  —  ®  Q. 

2  «  5  *  « 

2 a  5  « 

<  5  o  5  O  c 


